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METHOD AND APPARATUS FOR SIMPLIFYING THE CONTROL OF A 

SWITCH 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to switches and, more specifically, 
the present invention relates to semiconductor switches that are coupled to control 
circuits. 

Background Information 

Electronic circuits using switches coupled to control circuits typically have 
to be designed to meet cost targets defined at the start of a design. The control 
circuitry used to control the switching of the switches can be a significant part of 
the electronic circuit cost and any way to reduce the cost of mis circuitry is 
therefore a benefit. 

One circuit configuration using switches coupled to control circuits is a 
power conversion circuit called a half bridge converter. This circuit typically has 
two switches configured in a half bridge wherein one switch is referred to as a 
high side switch and the other is referred to as a low side switch as will be known 
to one skilled in the art. 

The control of power delivery to the load in this type of circuit is typically 
achieved by a control circuit controlling the period of time for which each switch 
is on within a switching cycle. This on time period is typically controlled in 
response to a feedback signal received from a sense circuit coupled to the load. 
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The frequency of the switching, being the reciprocal of the time between the start 
of one on time period and the start of the next on time period of one of the 
switches, is determined either by an oscillator forming part of the control circuit 
or a resonant frequency of the load circuitry coupled to the low side and high side 
switches. 

In circuits where the oscillator forms part of the control circuit, turn on and 
or turn off signals are typically coupled to the high side switch in the half bridge 
by level shift circuitry, as will be known to one skilled in the art, which adds 
significant cost to the overall half bridge circuit. In circuits where the frequency 
of switching is determined by a resonant frequency of the load circuitry coupled to 
the low side and high side switches, the turn on and or turn off signals can again 
be coupled to the high side switch uy level shift circuitry or using inductively 
coupled drive signals, which typically sense the current or voltage at the load to 
determine the time at which to turn on the low side and high side switches. 

Since the inductively coupled drive signals can be coupled with separate 
windings and therefore individually referenced, to the low side and high side 
switch control circuits, the requirement for other level shift circuitry is eliminated. 
However the inductively coupled element is required which is coupled to the load 
and the control circuitry for both low side and high side switches, which again 
adds cost to the overall half bridge circuit. 

In other configurations, inductively coupled drive signals can be used to 
determine the start of an on time period of either the high side or low side 
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switches and individual oscillators coupled to both low side and high side 
switches are used to determine the time at which the low side or high side 
switches are turned off. Again, in these configurations, an inductively coupled 
drive circuit and an oscillator or timing circuit is required for both high side and 
low side switches, which adds cost. The same limitations apply to full bridge 
circuits and other configurations requiring a high side switch. 
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SUMMARY OF THE INVENTION 

A method and apparatus for simplifying the control of a switch is 
disclosed. In one embodiment, a circuit according to the teachings of the present 
invention includes a first switch coupled between an input and a load. The circuit 
5 also includes a control circuit coupled to the first switch. The control circuit is 
adapted to control the first switch as a function of a voltage across the first switch. 
In another embodiment, a half bridge circuit according the teachings of the present 
invention includes a low side switch, a high side switch coupled to the low side 
switch, a low side capacitor coupled to the low side switch, a high side capacitor 

10 coupled to the low side capacitor and the high side switch and a load connected 
between a junction between the low side switch and high side switch and a 
jundiuu between the low side capacitor and the high side capacitor. The high side 
switch is adapted to be turned on for a high side on time period when a voltage 
across the high side switch crosses below a threshold in response the low side 

1 5 switch turning off. The low side switch is adapted to be turned on for a low side 
on time period following a delay time after a voltage across the low side switch 
crosses below the threshold in response to the high side switch turning off. In yet 
another embodiment, a circuit according to the teachings of the present invention 
includes a switching circuit coupled to a load for applying a voltage of a first 

20 polarity across the load during a first on time period and applying a voltage of the 
opposite polarity during a second on time period. The circuit also includes a 
sensing circuit coupled to load for sensing the voltage across the load for a first 
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sense period during the first on period and for a second sense period during the 
second on period. The switching circuit is controlled to maintain a magnitude of 
the voltage across the load during the first on period substantially equal to the 
voltage across the load during the second on period. Additional features and 
benefits of the present invention will become apparent from the detailed 
description, figures and claims set forth below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention detailed illustrated by way of example and not 
limitation in the accompanying figures. 

Figure 1 is a schematic illustrating a half bridge circuit where the drive 
5 signals for the high side switch are coupled to the high side switch by level shift 
circuitry. 

Figure 2 is a schematic illustrating a half bridge circuit where the drive 
signals for the high side and low side switches are coupled to the high side and 
low side switches by an inductively coupled drive circuit 
10 Figure 3 is one embodiment of a simplified control circuit to control a 

switch in accordance with the teachings of the present invention. 

Figure 4 iS another ciiiuuuiiiicm uf a simplified uuiilrul uucuii iu cunirui a 
switch in accordance with the teachings of the present invention. 

Figure 5 is yet another embodiment of a simplified control circuit to 
1 5 control a switch in accordance with the teachings of the present invention. 

Figure 6 is still another embodiment of a simplified control circuit to 
control a switch in accordance with the teachings of the present invention. 

Figure 7 is a schematic diagram of one embodiment of a voltage sense 
circuit that could be employed by a simplified control circuit to control a switch in 
20 accordance with the teachings of the present invention. 
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DETAILED DESCRIPTION 

A novel technique to implement a simplified control circuit to control a 
switch is disclosed. In the following description, numerous specific details are set 
forth in order to provide a thorough understanding of the present invention. It will 
be apparent, however, to one having ordinary skill in the art that the specific detail 
need not be employed to practice the present invention. In other instances, well- 
known materials or methods have not been described in detail in order to avoid 
obscuring the present invention. 

In general, a simple and novel technique for controlling the switching of a 
switch is provided according to embodiments of the present invention. In one 
embodiment the switch is turned on for an on time period in response to a voltage 
ovYitvii vvmi^ uiw awii^ii ia un ui in lcspunsc lu uic siope oi me voixage 
across the switch while the switch is off. In one embodiment, the on time period 
of the switch is substantially fixed. In an embodiment where the switch is a high 
side switch, the switch is turned on in response to a voltage across the switch 
while the switch is off or in response to the slope of the voltage across the switch 
while the switch is off. In controlling the switching of a switch in this way, 
complex circuitry normally required for this control is eliminated reducing the 
cost of the circuitry required to perform this function. 

To illustrate, Figure 1 shows a schematic of a power conversion circuit 
100 using a half bridge configuration. Control circuit 1 13 is coupled to both high 
side switch 102 and low side switch 103 which are both metal oxide 
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semiconductor field effect transistors (MOSFETs) in the circuit of Figure 1. 
Switch 102 is referred to as a high side switch since it is coupled to the high side 
or positive input rail 101 and the load 109. It is coupled to low side return or 
ground rail 125 through the low side switch 103 or the load 109 and low side half 
bridge capacitor 126. To turn MOSFET 103 on and off, the gate 1 17 of MOSFET 
103 is driven with respect to its source terminal 118, which is coupled to ground 
1 14 through current sense resistor 104. However, the gate 116 of MOSFET 102 is 
driven with respect to the half bridge output terminal 115, which is substantially at 
the Vin voltage 119 with respect to ground 1 14 when switch 102 is on and switch 
103 is off. The driver and level shift circuit 105 therefore contains driver circuitry 
to drive the gates 1 16 and 1 17 of switches 102 and 103 respectively and also level 
shift circuitry to generate a drive Signal relative tu ilic half bridge ouiput ierminai 
1 15, is applied to the gate 1 16 of MOSFET 102. The operating frequency, which 
is the reciprocal of the time between the start of one on time period to the start of 
the next on time period of either switch 102 or 103, is fixed by oscillator 121. 
The frequency of oscillator 121 is set by resistor 122. The on time periods of 
switches 102 and 103 are not fixed and are determined based on feedback voltage 
signal 106 and current sense signal 120 which are coupled to control pulse width 
modulator (PWM) circuit 123. By varying the on time, the power delivered to the 
load 109 is regulated. 

Within the load circuit 109 is the transformer 108, which includes primary 
or input winding 107 and secondary or output windings 1 10 and 1 1 1 . Circuit 1 12 


005510.P077 


at the output terminal Vout of power conversion circuit 100 filters the output, 
which is necessary since with the PWM control scheme of control circuit 1 13, the 
on time periods, and therefore also the off time periods, of switches 102 and 103 
will vary depending on the output load represented by resistor 124. The varying 
off time periods of switches 102 and 103 would result in high output ripple 
voltages if filter circuit 1 12 was not present. Other aspects of the converter circuit 
100 operation, necessary for the correct operation but not critical to the disclosure 
of the present invention are not discussed. 

Figure 2 shows another schematic of a power conversion circuit 200 using 
a half bridge configuration. The load 205 is in this example is a lamp with a 
series coupled inductance Lp. In this example, the high side and low side control 

rtifnm'+n OA1 OAO J ^^V") _ 1 f\r\ A . * , <t ■ 

x/aivwuj "iiu ownx/iica jlkjj aim aic liiiegiiueu in separate nign side 

and low side integrated circuits 206 and 207 respectively. The configuration 
shown eliminates the need for level shift circuitry by using drive signals generated 
by windings LI and L2 that are magnetically coupled to Lp, to control the turn on 
of switches 203 and 204 respectively. 

The integrated circuits 206 and 207 use external capacitors C5 and C6 to 
determine the length of the on time period of the switches. Taking the integrated 
circuit 206 as an example, during the on time period of high side switch 203, the 
capacitor C5 is charged with a fixed current. When the voltage across C5 has 
reached a threshold level, the switch 203 is turned off. 


005510.P077 


As will be familiar to one skilled in the art, when switch 203 is switched 
off, the voltage at the non dot end 210 of inductor Lp decreases relative to the 
voltage at the dot end 21 1 of inductor Lp and the voltage across switch 204 
reduces as the voltage at the output of the half bridge 210 decreases relative to 
5 ground rail 214. Since winding L2 is magnetically coupled to inductor Lp, the 
voltage at the dot end 213 of L2 becomes positive with respect to the voltage at 
the non dot end 212 of L2. This voltage across L2 is sensed by the low side 
control circuit 202 and the low side switch 204 is turned on. The on time period 
of the low side switch is in turn determined by the value of C6 which is charged 

10 with a constant current until the voltage across C6 reaches a threshold level at 
which point the low side switch 204 is turned off. 

As will be known to one skilled m the art having the benefit of this 
disclosure, the voltage across inductor Lp then changes polarity and the winding 
LI coupled to the high side integrated circuit 206 provides a turn on drive signal 

15 to the high side control circuit 201, in the way described above with L2 and the 
low side control circuit 202, and the sequence repeats. In the circuit shown in 
Figure 2, the windings LI and L2 also provide the supply current to the integrated 
circuits 206 and 207, respectively. Other aspects of the converter circuit 200 
operation, necessary for the correct operation but not critical to the disclosure of 

20 the present invention are not discussed. 

Other possible circuit configurations include a variation on the circuit of 
Figure 2 where the operation is truly resonant wherein the high side and low side 
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switches are turned off only when the voltage polarity across the inductively 
coupled drive signal windings LI and L2 changes due to the resonant frequency of 
the LC resonant circuit of inductor Lp and capacitors C2 and C3. However, the 
need to generate drive signals using inductively coupled windings such as LI and 
L2 remains unaltered and this configuration is therefore not discussed in detail so 
as not to obscure the teachings of the present invention. 

Figure 3 shows one embodiment of a circuit benefiting from the teachings 
of the present invention. The circuit shown is a half bridge power conversion 
circuit 300. The high side and low side control circuitry and switches are shown 
as high side and low side integrated circuits 304 and 305, respectively. The 
switches 315 and 324 are shown as MOSFETs in the circuit of Figure 3 though 
„„.w. v Jt ,*"i «x o>mi,ii mu uv uovu wiiiioi aim uciiciiung irurn me leacnmgs oi tne 
present invention. 

Since the internal circuitry is identical in high side and low side integrate 
circuits 304 and 305, the description below focuses on the high side integrated 
circuit 305. For the purposes of the description below, the voltage across low side 
capacitor 322 is assumed to be equal to the voltage across high side capacitor 323, 
which is assumed to be substantially fixed at a value of Vin/2 where Vin 327 is 
the voltage across input terminals 328 and 301 . Under this condition, and 
assuming that the voltage across the high side and low side switches 315 and 324 
is substantially zero when they are on, the magnitude of the maximum voltage 
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applied across the transformer primary winding 318 is Vin/2 when either high side 
switch 3 15 or low side switch 324 are in the on state. 

In the illustrated embodiment, the transformer primary winding 318 is 
magnetically coupled with the output windings 325 and 326. The switch 315 is 
coupled between the input 301 and the load which, in the circuit of Figure 3, is the 
transformer 319 and all circuitry coupled between the transformer output 
windings 325 and 326 and output terminals 330 and 331 and any circuitry coupled 
between output terminals 330 and 331. In other embodiments, not discussed here, 
the load could be a lamp circuit similar to the load 205 of Figure 2, a motor, a 
motor winding or other inductive load for example. 

The switch 315 has three terminals, a first switch terminal 308, a second 

ewitr»K torni i t-i n 1 A"7 n „A n 1 — 1 a ; 1 ^ -r r> • . 1 • . . .. . 
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3 15 is a high side switch, terminals 308, 307 and 337 could also be referred to as 
high side switch terminals. The control circuit 321, coupled to the switch 315 
control terminal 337, includes switch drive circuit 313, one shot circuit 309 and 
voltage sense circuit 311. The operation of the circuit is described below. 

For the purposes of this description, it is helpful to begin at an initial 
condition where switch 315 is off, 324 is on and current is flowing through 
winding 318 from node 332 to node 314. At the end of the on time period of 
switch 324, the duration of which is determined by one shot circuit 333, the 
switch 324 is turned off. Prior to switch 324 turning off, the voltage across switch 
315 is substantially equal to Vin according to the description above. 
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When the switch 324 turns off, the combination of leakage and 
magnetizing energy stored in the leakage and magnetizing inductance of winding 
318, causes the voltage at node 314 to rise with respect to terminal 328, as will be 
known to one skilled in the art having the benefit of this disclosure. As the 
voltage at node 314 rises relative to terminal 328, the voltage across switch 3 1 5 
drops. This voltage is sensed by voltage sense circuit 311. When the voltage 
sense circuit 3 1 1 senses the voltage across the switch 315 (across terminals 307 
and 308) falls below a threshold value, the switch 3 1 5 is turned on by the control 
circuit 321 for an on time period. In one embodiment the on time period is 
substantially fixed. This threshold value can be defined during the manufacture of 
the integrated circuit 304 or made to be adjustable by the user of integrated circuit 

1C\A itm+V* *-»{<•»/>-. ->«f*», r «* ^4- „"L - — T7! ^ 

i ium viivuiujf 11UI OllUVVll 111 l l^UlC J. 

In one embodiment, the switch 315 is not necessarily turned on 
immediately when the voltage across switch 315 falls below the threshold value. 
For instance, a delay time can be set within control circuitry 321, for example 
within the voltage sense circuit 3 1 1 , to delay the switch 3 1 5 from turning on for a 
delay time. This delay time provides a minimum time between the time at which 
switch 324 turns off and the time when switch 315 turns on. This type of delay is 
typically used in half bridge configurations of the type shown in Figure 3 to avoid 
risk of high currents flowing through switches 315 and 324 simultaneously. This 
delay time is often call a deadtime, which will be familiar to on skilled in the art 
and is therefore not detailed as a separate circuit block in the circuit of Figure 3. 
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In one embodiment, the on time period of switch 3 1 5 is fixed by the one 
shot circuit 309. The duration of the on time period can be fixed during the 
manufacture of integrated circuit 304 or made to be adjustable by the user of 
integrated circuit 304 with circuitry not shown in Figure 3. At the end of the on 
time period of switch 315, the current in transformer winding 318 is flowing from 
node 314 to node 332. 

When the switch 315 is on, the voltage across switch 324 is substantially 
equal to Vin according to the description above. When the switch 315 turns off, 
the voltage at node 314 falls with respect to terminal 328. This voltage is sensed 
by voltage sense circuit 334. As the voltage at node 314 falls relative to terminal 
328, the voltage across switch 324 drops. When the voltage sense circuit 31 1 

• U11U5V uviuoo uiv dmiui lana uciuw a uiicsiiuiu vaiue, ine swncn 
324 is turned on by the control circuit 335 for an on time period. In one 
embodiment the on time period of switch 324 is substantially fixed. This 
threshold value again can be defined during the manufacture of the integrated 
circuit 305 or made to be adjustable by the user of integrated circuit 304 with 
circuitry not shown in Figure 3. The operation continues according to the above 
description. As explained for the high side control circuit 321, the turning on of 
the switch 324 can be delayed by a delay circuit within the voltage sense circuit 
334 to provide dead time between the turn off of switch 3 1 5 and turn on of switch 
324. 
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In one embodiment, voltage sense circuit 311 can be designed to continue 
sensing the voltage across switch 315 while it is in the on state. In this way, fault 
conditions resulting in very high current flowing through the on resistance of the 
switch 315 can be detected since under these conditions, the voltage across the 
switch 315 rises. A second threshold voltage in voltage sense circuit 31 1 can 
therefore be set to sense a fault condition of this type and turn the switch 315 from 
an on state to an off state when the voltage drop across the switch crosses a 
second threshold, before the end of the on time period defined by one shot circuit 
309. Since this is a fault condition, it is also often necessary to define a minimum 
off time period before the switch is allowed to turn on again which can be set 
within the control circuitry 321. In one embodiment, operation of low side 
voltage sense Circuit 334 with icspcd iu uuiiLuiling low side switch 524 can be 
identical. 

In the illustrated embodiment, the voltage sense circuits 31 1 and 334 
eliminate the requirement for inductively coupled windings such as LI and L2 in 
Figure 2. Furthermore, the level shift circuitry contained within circuit block 105 
in Figure 1 is also not necessary. In the embodiment shown, regulator circuit 3 12, 
which is part of high side control circuit 321, charges capacitor 302 while switch 
315 is in the off state. The energy stored in capacitor 302 is used to provide the 
energy required by integrated circuit 304 to operate. The regulator circuit 336 
forming part of low side control circuit 335 performs a similar function for low 
side integrated circuit 305. Control circuits benefiting from the teachings of the 
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present invention do not however require internal regulator circuits such as 312 
and 336 and the energy required for high side and low side switch operation, 
stored on capacitors 302 and 303 can be sourced from an external energy source. 
For example, an external energy source can be connected directly across capacitor 
303 to power the low side integrated circuit 305 and the same supply can be used 
to charge the capacitor 302 through a diode connected between the energy source 
and the terminal 306, when switch 304 is on, to power the high side integrated 
circuit 304. This type of circuit, known as a bootstrap circuit, is well known to 
one skilled in the art and not shown in Figure 3. 

Figure 4 shows another embodiment of a circuit benefiting from the 
teachings of the present invention. Voltage sense circuits 311 and 334 are 
repiaced by dv/di sense circuits 41 1 and 434. For ciarixy ihe description beiow 
focuses on the high side dv/dt sense circuit 41 1. The operation of low side dv/dt 
sense circuit 434 can be assumed to be identical. 

As shown in the illustrated embodiment, instead of sensing the voltage 
across switch 415, the dv/dt sense circuit 41 1 senses the slope of the voltage 
across switch 415 over time while it is off By sensing a slope of the voltage 
across switch 415 in the off state, control circuitry 421 can turn the switch 415 
from an off state to an on state when the slope of the voltage across the switch 415 
changes. In one embodiment, the dv/dt sense circuits 41 1 is designed to sense 
when the slope of the voltage across switch 415 changes polarity while it is in the 
off state. 
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A change in polarity of the slope of the voltage across switch 415 while it 
is off identifies the point where the voltage across switch 415 has reached a 
minimum and is about to start rising. It is beneficial to sense this point since a 
switching loss resulting from turning a switch from an off state to an on state is 
minimized when the voltage across the switch is at a minimum value. All other 
details such as introducing a delay time between sensing the change in slope of the 
voltage across the switch and turning a switch on and also sensing of a voltage 
threshold during the switch on time period to detect fault conditions apply in the 
same way as described above with reference to Figure 3 and are therefore not 
repeated here. 

In either the circuit of Figure 3 or Figure 4, both low side and high side 
switches aic wjiiiiullcd as a nuidiuii uf the voltage across ihe switches, in the 
case of Figure 3, there is a first threshold voltage detected while the switch is in 
the off state and used to control the time at which the switch is turned on, and a 
second voltage threshold used to detect a fault condition during the on time period 
of the switch. In the embodiment of Figure 4, the slope of the voltage across the 
switch is detected while the switch is in the off state and used to control the time 
at which the switch is turned on, and a voltage threshold used to detect a fault 
condition during the on time period of the switch. 

The circuits of Figure 3 and 4 do not show any providing of a feedback 
control loop from the output terminals 330 and 331 in Figure 3 and 430 and 431 
in Figure 4 to the high side or low side control circuits. Since the switches of half 
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bridge circuits described in Figure 3 and 4 are only controlled as a function of the 
voltage across the switches, the power delivered to the load can only be regulated 
by adjusting the input voltages 327 and 427. However, Figure 5 shows another 
embodiment of a circuit benefiting from the teachings of the present invention 
where a feedback control loop is included. 

As shown in the embodiment of Figure 5, a feedback control circuit 538 
provides a feedback signal 539, which provides information to the low side 
integrated circuit 505 regarding an output of the power supply, typically the output 
voltage 529 or a current flowing in output terminals 530 or 531. In the 
embodiment of Figure 5, the feedback signal 539 is coupled to low side integrated 
circuit 505 through a feedback terminal 540, which then couples to a variable 

/4^1otf C/11 ~1 4.1*- a 1 -' '-j. r^r r,_ _ j.i. _ 1 i • ,i 
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feedback control signal could also be coupled to the high side integrated circuit, 
which would then include the variable delay circuit instead of the low side 
integrated circuit. 

Taking the same initial condition as used to describe the circuit operation 
in Figure 3, when low side switch 524 turns off, the voltage at node 514 rises with 
respect to terminal 528. In the embodiment shown in Figure 5, high side control 
circuit 521 senses the change in slope of the voltage across switch 515 while it is 
in the off state, though a voltage sense circuit 31 1 as shown in Figure 3 could also 
be used. 
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After a delay time or deadtime, which is introduced by sense circuit 511, 
the high side switch 515 is turned on for an on time period that is substantially 
fixed by one shot circuit 509. When the high side switch 515 turns off, the low 
side dv/dt sense circuit 534 senses the slope of the voltage across low side switch 
5 524. When the sense circuit 534 provides the signal, which would be coupled 
directly to the one shot circuits 333 and 433 in Figures 3 and 4, respectively, it is 
instead coupled to a variable delay circuit 541 . The variable delay circuit 541 
introduces a further delay the length of which is responsive to the feedback signal 
539, before one shot circuit 533 is allowed to turn on switch 524. 

10 In one embodiment, the additional delay time introduced by variable delay 

circuit 541 is used to regulate the power delivered to the load. For example the 
delay time introduced uy vauablc delay uircuii 541 is extended if ihe feedback 
circuit 538 provides feedback that less power is required by the load. This 
additional variable delay time requires that output filter inductor 537 is required to 

1 5 filter the output voltage. The circuits of Figure 3 and 4 did not show any output 
filter inductor of this type since the delay period between switching of high side 
and low side switches is a fixed delay or deadtime which is normally minimized 
to reduce ripple in the output voltages 329 and 429. In other embodiments of the 
circuits of Figures 3 and 4, an output filter inductor may also be included 

20 depending on the output voltage ripple specifications of a specific circuit. 

Figure 6 shows another embodiment of a circuit benefiting from the 
teachings of the present invention. For optimum operation of the power 
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conversion circuit 600, the magnitude of the voltage across the transformer output 
winding 625 when high side switch 615 is in the on state is substantially equal to 
the magnitude of the voltage across transformer output winding 626 when low 
side switch 624 is in the on state. This will minimize output voltage ripple 
between the high side on time period and low side on time period. 

In order for this condition to be satisfied, assuming that the voltage 
dropped across high side switch 615 when it is in the on state is substantially 
equal to the voltage dropped across low side switch 624 when it is in the on state, 
the voltage across high side capacitor 623 is substantially equal to the voltage 
across low side capacitor 622. In order to meet this condition, the high side 
integrated circuit 604 includes a load voltage sense circuit 637, which is coupled 

vonnitrA t-w 1^1 £1 A * J. ' _ C .1 . S *>f\ 1 • i • 1 i . .< 

lu Avvvivv nipuio. xn^ xnai mpui la I1UUC \)jy> W111U11 lb CUUpieU 10 Uie 

high side switch terminal 607, which in turn is coupled to the junction of the low 
side, and high side switches 614. The second input 641 is coupled to the junction 
632 of the high side and low side capacitors through resistor 640. 

In the illustrated embodiment, the current flowing in resistor 640 is 
substantially proportional to the voltage across the transformer winding 618, 
which for the purposes of this description is considered the load. Therefore, in 
this configuration, the load voltage sense circuit 637 can sense the voltage across 
the input transformer winding 618, during the high side on time period when node 
639 is coupled to the input terminal 601 through high side switch 615. In one 
embodiment, voltage sense circuit 641 can also sense the voltage across the load 
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618 during the low side on time period when node 639 is coupled to the input 
terminal 628 through the low side switch 624. 

In order maintain the condition that the voltage across the load during the 
high side on time period is substantially equal to the voltage across the load 
during the low side on time period, the high side on time period in one 
embodiment is varied in response to an output signal 638 from load voltage sense 
circuit 637, which is coupled to high side one shot circuit 609. It will be known to 
one familiar in the art having the benefit of this disclosure that by varying the on 
time period of high side switch 615 in this way, the energy delivered to and hence 
voltage across capacitor 622 can be controlled to satisfy the requirement that the 
voltage across the transformer output winding 625 when high side switch 615 is in 
mv lu ouuoiuLLuauy V41UU iu me vuiLagc auuss transiormer output winding 

626 when low side switch 624 is in the on state. 

Figure 7 shows a block diagram of one embodiment of a load voltage 
sense circuit that will provide an output signal which is varied in response to the 
relative magnitude of a voltage of a first polarity applied across a load during a 
first on time period and of the magnitude of an opposite polarity voltage applied 
across the load during a second on time period. In one embodiment input 
terminals 701 and 703 are coupled across the load. In one embodiment resistor 
702 is equivalent to resistor 640 in Figure 6. In another embodiment, resistor 702 
could form part of load voltage sense circuit 637 in Figure 6 eliminating the 
requirement for external resistor 640. 
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In the illustrated embodiment, during the first on time period, for example 
the on time period of high side switch 615, a first sense period is initiated when 
switch 704 is switched on. The magnitude of current II flowing in resistor 702, 
which is a sense signal, is substantially proportional to the magnitude of the 
5 voltage across the load, which is applied as input voltage V L oad between 

terminals 701 and 703. The current II charges capacitor 708 relative to a voltage 
reference terminal 705, which in one embodiment could be equivalent to terminal 
607. At the end of the first sense period, switch 704 is switched off. 

During the second on time period, for example the on time period of low 
10 side switch 624, a second sense period is initiated when switch 704 is again 

switched on. The magnitude of current 12 which is a sense signal, is a function of 
the magnitude of the v ullage auusss Hie luad during ihe during me second sense 
period. The current 12 discharges capacitor 708 relative to reference voltage 
terminal 705. 

1 5 If first and second sense periods are substantially equal in duration, the 

voltage Vout across output terminals 706 and 707 is substantially proportional to a 
difference in the magnitude of the voltage across the input terminals 701 and 703 
during the first on period and the voltage across the input terminals 701 and 703 
during the second on period. In one embodiment, the voltage at terminal 706 

20 relative to terminal 707 is equivalent to output signal 638 relative to terminal 607 
in Figure 6. 
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In the illustrated embodiment, the first and second sense periods are 
usually initiated sometime after the beginning of the first and second on time 
periods respectively in order that ringing voltages and other transient conditions, 
which occur at the time when a switch is first switched to an on state, have 
decayed to substantially zero, in order that accurate sensing can be achieved 
during the first and second sense periods. Such transient conditions following the 
switching to an on state will be familiar to one skilled in the art. In one 
embodiment, the second sense period is initiated sometime after the turn off of the 
high side switch 615 to allow sufficient time for the low side switch to turn-on 
and the transients to decay to substantially zero condition. The output signal V DIFF 
out of circuit 700 can be filtered as required to provide a signal responsive to 
difference between the two polarities of voltage across the load. 

In the foregoing detailed description, the present invention has been 
described with reference to specific exemplary embodiments thereof. It will, 
however, be evident that various modifications and changes may be made thereto 
without departing from the broader spirit and scope of the present invention. The 
present specification and figures are accordingly to be regarded as illustrative 
rather than restrictive. 
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